ABSTRACT
defence mechanisms, resulting in their increased resistance to antimicrobials, particularly antibiotics [8] . in improved adhesiveness to the surface. On the contrary, motile species lose their motility and produce an extracellular matrix owing to which they produce aggregates and stay together. The matrix is a dynamic system in which a homeostasis is achieved and the organisation of this system allows the cells to use available nutrients. Four basic phases are recognised in the process of biofilm formation.
In the first phase, which involves attachment to the surface, microbial cells adhere to the surface by means of fimbria or flagella. For the attachment they can also use physical forces such as van der Waals forces or electrostatic interactions [9] .
After attachment and stabilization, the process of cell division starts. The initial signal that is controlled genetically, is the production of EPS. Microcolonies consist usually of a large number of the so-called micro-communities.
They communicate among themselves in many ways. The coordinated bacterial growth is controlled by the so-called quorum sensing system (QS) utilizing signal proteins and other molecules for stimulation of growth of the microcolonies [11] . The QS allows bacteria to sense their own density and, subsequently, modify their phenotype [2] .
The third phase involves the production of three-dimensional structure-microcolonies-and their maturation. This is related to the increased expression of biofilm formation associated genes. The products of these genes are inevitable for the production of exopolysaccharide, the main biofilm component. Another important part of the maturation of this microcolony is the production of extracellular matrix that is initiated immediately after attachment of bacteria to the surface.
The last phase is the potential detachment of colonies.
There is a sequence of reactions which support the conversion of a bacterial colony to the motile form. Saccharolytic enzymes are produced to facilitate detachment of the colony aimed at re-colonization. The cells increase their expression of proteins responsible for the production of flagella [17] . The synthesis of the PIA is encoded by the genes of the ica operone [13] .
There exist substances, which are able to supress the production of a biofilm, even destroy the already formed The aim of this study was to investigate the antibiofilm activity of propylene glycol extracts of rosemary and sage, tested at various concentrations.
MATERIALS AND METHODS
The experiments were carried out using a reference, biofilm-producing strain Staphylococcus aureus CCM 3953.
In order to obtain an inoculum, it was cultivated in meatpeptone broth (Himedia, India) for 18 hours at 37 °C with constant mixing. This way the prepared night culture was subsequently diluted with a modified tryptone soya broth (TSB; Himedia, India) to 1 % inoculum which was then used in an in vitro experiment.
We tested the antibiofilm activity of propylene glycol We prepared also the respective negative controls by using 20 µl 10 % DMSO (n = 4) instead of the diluted extracts.
The plates were then incubated at 37 °C for 24 hours. After the incubation, the supernatant was removed by aspiration and the individual wells with the formed bacterial biofilm were washed with distilled water 3-5 times, as needed. After thorough but careful washing, the biofilm was stained For statistical analysis of the results, a 1-way ANOVA was used. Significant differences between groups were assessed by Tukey's test. The difference between various concentrations of the plant extracts were determined by the unpaired t-test. P-values < 0.05 were considered significant.
RESULTS AND DISCUSSION
The results of our experiments indicated that the antibiofilm activity of the PG extracts of rosemary and sage was concentration dependent as shown in Figs. 2 and 3 . With 
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